Characterizations of materials.
The morphologies of the samples were characterized with a scanning electron microscope (Hitachi S-4800, 5 kV). X-ray diffraction patterns were obtained with a Rigaku D/MAX2500 V with Cu Kα radiation (λ = 1.5418 Å). X-ray photoelectron spectroscopy was recorded on an ESCALab MKII X-ray photoelectron spectrometer with non-monochromatized Mg Kα X-rays as the excitation source. High-resolution TEM images were recorded on an FEI Tecnai G2 20 high-resolution transmission electron microscope at an acceleration voltage of 200 kV. The samples were characterized by Raman spectroscopy (Raman, Labram HR 800) with a laser excitation of 532 nm. To measure the surface area of the electrode materials, nitrogen adsorption-desorption isotherms were measured on a Micromeritics ASAP 2020 at 77 K.
Where S, V represents the total area (cm 2 ) and volume (cm 3 ) of the device, d is the diameter of the device, L is the length of the decice. and Ni 2p 3/2 spin-orbit peaks, respectively. (d) P 2p, 130.5 eV is assigned to P 2p 1/2 , and the peak at 134.6 eV is derived from P-O bonds. As shown in the inset of the revised Figure 3f , the impedance data were analyzed by fitting to an equivalent circuit consisting of the series resistance (R S ), double layer capacitance (C DL ), charge transfer resistance (R CT ) and Warburg behavior (W). At high frequency range, the value of the intercept at the real axis is used to estimate the R S of the electrodes, which is the combination of the ionic resistance of the electrolyte and the resistance of the electrode material itself. The semicircle diameter in the plot corresponds to the R CT , corresponding to the total resistance at the interface between the electrode and the electrol Figure S6a1-d1compare the SEM images of different cathodes, it is observed that the surface of the nanosheet arrays appears massive nanocrystalline when the Zn, Ni, Co, P, N, C co-existence in this material.
(1) Compared with Figure S6a2 and d2, it can be clearly seen that the cathode shows enhanced specific capacity and obvious discharge plateaus by replacing O element with P element.
(2) Compared with Figure S6b2 and d2, it can be clearly seen that the cathode shows enhanced specific capacity and obvious discharge plateaus by introducing Ni element.
(3) Compared with Figure S6c2 and d2, it can be clearly seen that the cathode shows enhanced specific capacity by introducing Zn element. 
